BACKGROUND: Early recognition and an attempt at obtaining microbiological documentation are recommended in patients with non-community-acquired pneumonia (NCAP), whether hospitalacquired (HAP) or health care-associated (HCAP). We aimed to characterize the clinical features and microbial etiologies of NCAP to assess the impact of microbiological investigation on their management. METHODS: This was a prospective 1-y study in a university hospital with 141 non-mechanically ventilated subjects suspected of having HAP (n ‫؍‬ 110) or HCAP (n ‫؍‬ 31). RESULTS: Clinical criteria alone poorly identified pneumonia (misdiagnosis in 50% of cases). Microbiological confirmation was achievable in 80 subjects (57%). Among 79 microorganisms isolated, 28 were multidrug-resistant aerobic Gram-negative bacilli and group III Enterobacteriaceae and 6 were methicillin-resistant Staphylococcus aureus. Multidrug-resistant aerobic Gramnegative bacilli accounted for one third of the microorganisms in early-onset HAP and for 50% in late-onset HAP. Methicillin-resistant S. aureus was most often recovered from subjects with HCAP. Inappropriate empirical antibiotics were administered to 36% of subjects with confirmed pneumonia. Forty subjects were admitted to the ICU, 13 (33%) of whom died. Overall, 39 subjects (28%) died in the hospital. CONCLUSIONS: Integrating the microbiological investigation in the complex clinical diagnostic workup of patients suspected of having NCAP is mandatory. Respiratory tract specimens should be obtained whenever possible for appropriate management.
Introduction
Non-community-acquired pneumonia (NCAP) has been recently differentiated into health care-associated pneumonia (HCAP), hospital-acquired pneumonia (HAP) developing 48 h after hospitalization, and ventilator-associated pneumonia developing during mechanical ventilation. 1, 2 Several clinical investigations have confirmed the frequency of health care-associated infections, of which the most common types are pneumonia, 3 and have suggested that community-onset HCAP differs markedly from community-acquired pneumonia (CAP) and more closely resembles HAP. [4] [5] [6] [7] [8] [9] [10] Since the microbiological spectrum of NCAP may encompass high-risk and potentially antibiotic-resistant pathogens, early clinical identification and an attempt to obtain microbiological documentation in suspected episodes of HAP and HCAP have been strongly recommended. 1, 5, 7 However, the concept of HCAP has recently been revisited, 11 and a systematic review and metaanalysis of HCAP studies have indicated that the currently accepted definition did not accurately identify subjects potentially infected by resistant pathogens and that mortality was primarily related to comorbidities rather than to infection with high-risk pathogens. 12 Although studies have contrasted the epidemiological characteristics of HCAP and HAP, [4] [5] [6] [7] [8] [9] 13 none have investigated the diagnostic challenge posed by NCAP in non-intubated patients.
We therefore conducted the present prospective study to (1) describe the clinical features and microbial etiologies of a series of non-intubated consecutive subjects suspected of NCAP, contrasting HAP and HCAP, and (2) assess the potential impact of performing microbiological samplings on diagnosis and management of subjects.
Methods
A complete section on subjects and methods is available as online supplementary information (see the supplementary materials at http://www.rcjournal.com).
Subject Selection
The study was prospectively conducted in 16 participating wards of Tenon Hospital, a 780-bed tertiary teaching hospital in Paris, France, between November 2005 and October 2006. The attending physicians of the participating wards notified one of the investigators when a patient was clinically suspected of having NCAP. All non-intubated adult subjects were included. NCAP episodes were classified into HAP or HCAP according to the current definitions. 1 Pneumonia occurring Ն48 h after hospital admission and not considered incubating at the time of admission was classified as HAP and defined as earlyonset when occurring within the first 4 d of hospitalization. 14 HCAP cases were pneumonia episodes diagnosed within the first 48 h of hospitalization in a subject with a known risk factor. 1 Subjects having Ն1 risk factor for HCAP but developing pneumonia Ն3 d of after the current hospitalization were considered as having HAP. For each subject, data recorded are detailed in the online supporting information. Antibiotics administered were classified as new, ongoing, or prior (see online supporting information).
Study Protocol
Clinical Diagnosis and Severity of Pneumonia. When a subject clinically suspected of having NCAP was referred to one of the investigators by the attending physician of the participating wards, the latter was asked to provide an estimate of the clinical probability of pneumonia on a 0 -100% scale before obtaining microbiological samplings. This estimate was subsequently scored from 1, 
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Current knowledge
Non-community-acquired pneumonia (NCAP) is differentiated into health care-associated pneumonia (HCAP), hospital-acquired pneumonia (HAP) developing 48 h after hospitalization, and ventilator-associated pneumonia developing during mechanical ventilation. The microbiological spectrum of NCAP can include antibiotic-resistant pathogens. Early clinical identification and microbiological documentation have been strongly recommended.
What this paper contributes to our knowledge NCAP occurred most frequently in elderly subjects with severe underlying diseases and comorbid conditions, with HCAP accounting for one fifth of all episodes. The microbial spectrum of early-onset HAP and HCAP included community microorganisms and less frequently multidrug-resistant Gram-negative bacteria. Late-onset HAP is more likely to include multidrug-resistant organisms, similar to ventilator-associated pneumonia.
or very low (0 -20% probability estimate), to 5, or very high (80 -100% estimate), and further dichotomized into a high-suspicion (score of 4 or 5) or a low-moderate-suspicion (score of 1-3) group. The clinical criteria of pneumonia were recorded, 15 as well as the usual severity scores. 16, 17 The Clinical Pulmonary Infection Score (as described by Pugin et al 18 and Singh et al 19 ) was calculated a posteriori.
Microbiological Investigation. Whenever possible, microbiological investigations were performed in a sequential manner. Non-respiratory tract samplings (blood cultures and urinary soluble antigens) were first performed. Non-bronchoscopic (sputum) and bronchoscopic lower respiratory tract samplings (plugged telescopic catheter, tracheal aspirate, or bronchoalveolar lavage) were then obtained. Fiberoptic bronchoscopy (BF2B, Olympus, New Hyde Park, New York) was performed by one of the investigators, in the absence of contraindication. 20 The usual thresholds for positivity of quantitative cultures were used. [21] [22] [23] [24] Diagnosis of NCAP. Episodes of suspected pneumonia were categorized into confirmed (definite or probable diagnosis) and non-confirmed pneumonia (possible diagnosis or no pneumonia) ( Fig. 1 ) (see online supporting information). Alternative diagnoses were considered in subjects with non-confirmed pneumonia.
Antimicrobial Treatment Administered for the Suspected Episode of Pneumonia and Outcome. Antimicrobial treatment administered for the suspected episode of pneumonia was left to the discretion of the attending physician. The appropriateness of antibiotics was independently assessed by the investigators. The vital status (death or discharged alive) was recorded for all subjects at hospital discharge and assessed after 30 d (see online supporting information). 
Statistical Analysis
Ethical Considerations
The ethical review board of the French Society of Intensive Care approved the study. Each subject or next-ofkin was given oral and written information. Informed consent was waived because the study was observational, and the procedures used followed the recommendations from the French Society of Intensive Care for standard clinical practice in patients with suspected NCAP.
Results
A complete results section is available as online supporting information.
During the 12-month study period, 13,909 consecutive patients were admitted to our hospital. Of those, 141 (1%) subjects suspected of having NCAP were notified and were eligible to participate to the study ( receiving chronic dialysis), had hospital day care (n ϭ 3), had been hospitalized in an acute care ward within the past 3 months (n ϭ 2), and received chronic hemodialysis (n ϭ 1). Mechanical ventilation, renal replacement therapy, and vasoactive drugs were administered to 14 (10%), 10 (7%), and 6 subjects (4%) at inclusion, respectively.
Clinical Diagnosis of Pneumonia
Although most subjects had a high or very high clinical suspicion of pneumonia according to the clinical estimate of the attending physician (median estimate, interquartile range: 4, 3-5), it should be noted that only 81 subjects (57%) had at least 2 clinical criteria plus leukocytosis or leukopenia and a new chest radiograph infiltrate. The median CURB-65 score at inclusion was 2 points (range: 1-3) ( Table 1 ).
The combination of at least 2 clinical criteria 25,26 plus increased leukocytosis or leukopenia and new chest radiograph infiltrate was neither helpful to discriminate confirmed and non-confirmed episodes of pneumonia overall (46/80 [58%] vs 33/57 [58%], P ϭ .95) nor in the subgroup of subjects investigated with respiratory tract specimens (38/70 [54%] vs 18/33 [54%], P ϭ .98). There were 59 suspected episodes of pneumonia (42%) in which either new or ongoing antibiotics were administered at the time of pneumonia suspicion (new antibiotics, n ϭ 21; ongoing antibiotics, n ϭ 44) ( Table 1) .
Microbiological Investigations
At least one respiratory tract specimen was obtained in 103 subjects (73%), mainly those suspected of HAP (87/110). A fiber-optic bronchoscopy was performed in 59 suspected episodes of pneumonia (42%), more frequently in suspected HAP than HCAP (52/110 [47%] vs 7/31 [23%], P ϭ .01). Thus, suspected episodes of HAP were more often investigated with respiratory tract samples than suspected HCAP (87/110 [79%] vs 16/31 [52%], P ϭ .002) ( Table 2) . Of the 38 subjects in whom no respiratory tract sample was performed, 4 subjects (all suspected of having HCAP) had no microbiological investigation at all.
Seventy of the 103 subjects (68%) in whom a respiratory tract specimen was obtained were adjudicated as having pneumonia (supplementary Fig. E2A ), whereas only 10 of the 34 subjects (29%) investigated by blood cultures or urinary antigen tests had confirmed pneumonia (supplementary Fig. E2B ). Altogether, pneumonia was confirmed in 80 subjects (57%), including 63 (57%) of the 110 subjects with suspected HAP and 17 (55%) of the 31 subjects with suspected HCAP (P ϭ .03) (Fig. 1 ). An alternative diagnosis was available for 32 (52%) of the remaining 61 subjects, including atelectasis (n ϭ 13), sepsis of non-pulmonary origin (n ϭ 5), bronchitis/exacerbation of COPD (n ϭ 4), pulmonary edema (n ϭ 4), lung cancer (n ϭ 4), hepatic encephalopathy (n ϭ 1), and hypersensitivity pneumonitis (n ϭ 1).
Of the 80 subjects having confirmed pneumonia (earlyonset HAP, n ϭ 17; late-onset HAP, n ϭ 46; HCAP, n ϭ 17), 72 had a microbiological documentation, including 57 (79%) with HAP and 15 (21%) with HCAP. More than 1 causative pathogen was identified in 20 confirmed pneumonia cases (28%) (Fig. 2A) , with a similar rate of polymicrobial pneumonia in HAP (16/57, 28%) and HCAP (4/15, 27%).
Pathogens Involved
There were 59 suspected episodes of pneumonia (42%) in which either new or ongoing antibiotics were administered at the time of pneumonia suspicion (new antibiotics, n ϭ 21; ongoing antibiotics, n ϭ 44) ( Table 1) .
There were 79 microorganisms isolated altogether. Multidrug-resistant aerobic Gram-negative bacilli, group III Enterobacteriacae (n ϭ 28), and methicillin-resistant Staphylococcus aureus (n ϭ 6) accounted for nearly one half of the isolated microorganisms (n ϭ 34, 43%) and were recovered in 31 episodes, including 26 of 63 documented HAP and 5 of 17 HCAP cases. Early-onset HAP and HCAP had a similar microbiological spectrum, with multidrugresistant aerobic Gram-negative bacilli and group III Enterobacteriacae accounting for one third of the microorganisms identified. Of note, methicillin-resistant S. aureus was most often recovered from subjects with HCAP. Conversely, late-onset HAP was caused by multidrug-resistant aerobic Gram-negative bacilli and group III Enterobacteriacae in half of the cases (Fig. 2B ). There was a statistical trend for a higher rate of multidrug-resistant aerobic Gramnegative bacilli and group III Enterobacteriacae in lateonset HAP, as compared with early-onset HAP and HCAP (22/46, 48% vs 9/34, 26%, P ϭ .09).
Appropriateness of Antimicrobial Treatment
Of the 72 microbiologically documented episodes of pneumonia, 26 (36%) received inappropriate empirical antimicrobial treatment (HAP 22/57 [39%] vs HCAP 4/15 [27%], P ϭ .4). Despite a gradual increase of antibiotic appropriateness with time, 20% of the confirmed episodes were still inappropriately treated at 48 h (Fig. 3) . Of note, empirical antimicrobial therapy was maintained for a median duration of 10 d (range: 7-13) in a majority of episodes (25/32; 78%) in which respiratory tract specimen cultures were negative, despite an alternative diagnosis in 56% of the cases (14 of 25 subjects).
Outcomes of Subjects
Length of hospital stay averaged 26 d (range 15-38 d). Forty subjects were admitted to the ICU, 13 (33%) of A P value of Ͻ.05 indicates a statistical difference between suspected episodes of hospital-acquired pneumonia and health care-associated pneumonia. * Performance status was estimated according to the Eastern Cooperative Oncology Group Scale as follows: 0, fully active; 1, restricted in physically strenuous activity; 2, ambulatory and capable of all self-care but unable to carry out any work activities; 3, confined to bed or chair more than 50% of waking hours; 4, bedridden. † Antibiotics were classified as new if recently introduced (Ͻ72 h), ongoing when they were introduced Ն72 h prior to inclusion, and prior when they had been given within the preceding 15 days for Ͼ24 h and stopped for at least 72 h before inclusion. The prior antibiotic exposure within the past 3 months (ie, any antibiotic for any duration during the past 3 months) was also assessed. ‡ Clinical estimate of pneumonia was provided by the attending physician on a 0-100% scale and categorized as (1) very low when the probability was scored Ͻ20%, (2) low when scored between 20 and 40%, (3) moderate when scored between 40 and 60%, (4) high between 60 and 80%, and (5) Table 3) .
Discussion
In this prospective observational study, we describe the clinical presentation and microbial spectrum of NCAP in a series of unselected non-mechanically ventilated subjects, hospitalized in a tertiary teaching hospital in France during a 1-y period. A majority had HAP, and less than one fourth (21%) had HCAP. Most subjects were elderly with underlying diseases and comorbid conditions and had been exposed to antibiotics before pneumonia was clinically suspected. The usual clinical criteria were of little help for diagnosing pneumonia, since almost 50% of subjects suspected of pneumonia were actually adjudicated as not having pneumonia. Similar rates of suspected HAP and HCAP were microbiologically confirmed, with a broad microbial spectrum including 40% of multidrug-resistant pathogens. Our results suggest that microbiological samplings, especially respiratory tract specimens, should be obtained whenever possible to select and adjust antimicrobial treatment in this context.
The incidence of NCAP averaged 1 per 1,000 admissions in our series, similarly to previous series of HAP that reported an incidence ranging from 1 to 10 per 1,000 hospital admissions, depending on the subjects studied, the case definition used, and the available information at hospital admission. 3, 5, 7, 8 The clinical diagnosis of NCAP usually relies on a combination of various criteria, including the presence of a new radiographic infiltrate associated with fever and several clinical signs among dyspnea, cough, purulent sputum, pleuritic chest pain, and leukocytosis or leukopenia and sometimes hypoxemia, in patients with specific risk factors or hospitalized for Ͼ48 -72 h. 3, 5, 7, 8 However, these criteria, either isolated or combined, are of limited diagnostic value. 9, 27 In our series, Ͻ60% of subjects fulfilled the combination of at least 2 clinical signs suggestive of pneumonia associated with leukocytosis or leukopenia and a new pulmonary infiltrate at the time of pneumonia suspicion. Moreover, the latter criteria did not perform better than a subjective clinical estimate alone for diagnosing pneumonia. The use of a simple tool, the modified Clinical Pulmonary Infection Score, might be helpful Results are expressed as n (%). Microbiological investigation was performed in 137 subjects clinically suspected of pneumonia. HAP ϭ hospital-acquired pneumonia HCAP ϭ health care-associated pneumonia PTC ϭ plugged telescopic catheter TA ϭ tracheal aspirate BAL ϭ bronchoalveolar lavage NA ϭ not applicable for discriminating confirmed and non-confirmed episodes. This clinical score has been widely used and validated in the ICU, 18, 28 but its performance has rarely been assessed in hospitalized non-mechanically ventilated patients. 29 In our series, a microbiological diagnosis was obtained in 70% of the episodes investigated with respiratory tract specimens (bronchoscopically guided or not), as compared with a 30% microbiological diagnosis rate in the subjects who were not investigated with respiratory tract specimens. A microbiological diagnosis was obtained in 36 -52% of subjects in a previous series of NCAP, when using noninvasive diagnostic tools. 4, 6, [8] [9] [10] Although our study was Fig. 2 . Microorganisms recovered in episodes of confirmed non-community-acquired pneumonia. Pneumonia was diagnosed in 80 subjects and microbiologically documented in 72 (A). There were 79 microorganisms isolated altogether, multidrug-resistant aerobic Gram-negative bacilli (MDR-GNB), group III Enterobacteriacae, and methicillin-resistant Staphylococcus aureus (MRSA) accounting for nearly half of the microorganisms (n ϭ 34, 43%). More than one causative pathogen was identified in 20 confirmed pneumonias (25%). Microbiological workup encompassed non-respiratory (blood cultures and urinary soluble antigens tests) and respiratory tract samplings (sputum and bronchoscopic samplings (plugged telescopic catheter, tracheal aspirate, or bronchoalveolar lavage); B: multidrug-resistant aerobic Gram-negative bacilli, group III Enterobacteriacae, and to a lesser degree methicillin-resistant S. aureus accounted for nearly half of the microorganisms isolated in the 72 episodes of confirmed pneumonia. HAP ϭ hospital-acquired pneumonia; HCAP ϭ health care-associated pneumonia. not designed to compare 2 strategies of microbiological investigation (ie, respiratory versus non-respiratory tract investigation), our findings would suggest obtaining respiratory tract specimens whenever possible. This approach is further supported by the fact that almost 40% of the microbiologically documented episodes were not initially treated with appropriate antibiotics. Moreover, an alternative diagnosis was obtained in more than half of the subjects suspected of pneumonia and in whom the microbiological investigation was eventually negative, again emphasizing the complexity of the clinical diagnosis and the need for performing microbiological investigation in this context. 1, 30 It is worth pointing out that suspected HAP cases were more often investigated than HCAP, because of the physicians' reluctance to perform fiber-optic bronchoscopy and invasive samplings in older, more fragile and comorbid subjects.
Similarly to the approach taken in ventilator-associated pneumonia, we prospectively separated early-and lateonset HAP, according to whether pneumonia was diagnosed within 4 d or later after hospital admission. Indeed, the distribution of the etiologic pathogens differed with the time to pneumonia occurrence, with a higher rate of multidrug-resistant aerobic Gram-negative bacilli and group III Enterobacteriacae in late-onset HAP, as compared with early-onset HAP or HCAP episodes. There was a trend toward more methicillin-resistant S. aureus-related infections in HCAP subjects, as compared with HAP. However, available data on the bacterial epidemiology of HCAP are conflicting and may vary according to geographical areas. For instance, in a Spanish multicenter case-control study, Polverino et al 29 found a similar microbial spectrum in HCAP and CAP. Conversely, Giannella et al 27 reported findings comparable with ours. In our series, 20% of subjects with documented episodes of pneumonia were still receiving inappropriate antibiotics after 48 h of therapy. Altogether, these observations would favor the empirical use of broad-spectrum antibiotics, especially in late-onset HAP and in those at risk of multidrug-resistant pathogens, which should be associated with a thorough microbial investigation in order to allow de-escalation of empiric therapy.
The microbial spectrum of NCAP has also been shown to include both Streptococcus pneumoniae and Legionella pneumophila in addition to nosocomial pathogens, in proportions that are difficult to assess because of the limited available information about diagnostic procedures used in most reported series and the generally infrequent use of invasive diagnostic procedures. 7, 9 In our series, community microorganisms accounted for 50% of all of the microorganisms isolated. Urinary antigen tests were positive for S. pneumoniae and L. pneumophila in 8 and 2% of the cases, respectively, whereas blood cultures were positive in 8%, as previously reported. 9 Urinary antigen tests and blood cultures may thus be useful in the diagnostic workup of HAP as well as sputum cultures, although their values remain controversial because of the risk of contamination by the oropharyngeal flora. 9 In 2005, the American Thoracic Society/Infectious Diseases Society of America guidelines suggested that HCAP should be considered as a new category of communityonset pneumonia occurring in patients residing in longterm care facilities and in individuals recently hospitalized or who had recent contact with the health-care system, although few studies were actually available to support this proposal. 7, 31 Some observational studies from both Europe and the United States suggested that communityacquired, hospital-acquired, and health care-associated pneumonia should be considered as 3 distinct epidemiologic clinical and microbial entities, 5,7,10,31 since both their microbial spectrum and outcome may widely differ. How- Fig. 3 . Appropriateness of antimicrobial treatment administered at each step of the procedure of diagnosis of pneumonia. Broad antimicrobial treatment encompassed all of the microorganisms recovered from blood cultures or respiratory tract specimen cultures at or above the respective thresholds. Narrow antimicrobial treatment was defined as appropriate treatment with regard to the speciation and the antibiotic susceptibility profile. ever, more recent studies, especially from European investigators, suggest that the proportion of subjects with HCAP infected by multidrug-resistant microorganisms was lower than previously reported, and a revision of the concept of HCAP has been suggested. 11, 32, 33 A recent series in Japan 34 and a systematic review and meta-analysis pointed out that the proposed criteria for HCAP did not accurately identify subjects infected with resistant pathogens and that mortality was primarily related to comorbidities rather than to high-risk pathogens. 12, 35, 36 It is noteworthy that in our series, in-hospital mortality reached 30% in both HAP and HCAP episodes, whereas post-discharge deaths were twice as common in HCAP. These findings concur with others 35, 36 and point to a major influence of age and associated comorbid conditions on the outcome of patients with HCAP. Our findings confirm that HCAP should be considered apart from HAP. Despite its prospective design, our study has several limitations. Because inclusion was based on physicians' notifications, the number of subjects suspected of having pneumonia might have been underestimated. In a 1-day point prevalence study performed in the participating wards, we found that 20% of the hospitalized subjects with pneumonia had not been notified, thus not included. Moreover, the subjects admitted to the hospital with a diagnosis of HCAP might have been selected and referred to the hospital on the basis of severity criteria, thus not reflecting the overall epidemiology of HCAP. Second, this was a singlecenter study, and our findings should be confirmed in a multi-center study.
Conclusion
To summarize, NCAP mostly occurs in elderly patients with severe underlying diseases and comorbid conditions, with HCAP accounting for one fifth of all episodes. Making an accurate clinical diagnosis remains a challenge, and a rigorous microbiological investigation is mandatory to improve diagnosis performance. The usefulness of the Clinical Pulmonary Infection Score should be investigated in that setting. The microbial spectrum of early-onset HAP and HCAP may encompass community microorganisms and to a lesser degree multidrug-resistant Gram-negative bacteria and group III Enterobacteriacae. Conversely, lateonset HAP is at high risk of infection with multidrugresistant microorganisms, similarly to ventilator-associated pneumonia. In our environment, methicillin-resistant S. aureus was rare in subjects with HAP, whereas it was an important pathogen in those with HCAP. These findings highlight the variable epidemiological profile of HAP and HCAP and the need to develop simple diagnostic tools for selecting patients in whom microbiological investigations should be performed, to confirm pneumonia as well as to reduce excessive broad-spectrum initial empirical coverage and avoid unnecessary continuation of antimicrobial treatment.
